Hubbard ISA IsaBrown pullets were purchased from a commercial supplier at 16 wk of age and kept at a constant 18 C or a constant 30 C in temperaturecontrolled rooms. The purpose of our experiment was to determine the effect of ambient temperature on the eggshell quality responses of laying hens receiving saline drinking water with or without simultaneous supplementation of the diet with ascorbic acid or Zn methionine. Four treatments were investigated: 1) a basal layer diet (C) and local drinking water, 2) diet C and local drinking water containing 2 g NaCl/L, 3) diet C containing 200 mg ascorbic acid/kg and local drinking water containing 2 g NaCl/L, and 4) diet C with 360 mg Zinpro 100 (Zn methionine)/kg and local drinking water containing 2 g NaCl/L. The local drinking water contained <1 mmol Cl/ (
INTRODUCTION
Studies conducted in Australia have shown that saline drinking water in the form of tap water containing between 0.2 and 2.0 g sodium chloride (NaCl)/L has an adverse effect on the eggshell quality of laying hens while having little effect on feed intake, egg production, or egg weight (Balnave, 1993) . These concentrations of NaCl are similar to those found in underground bore water. In Australia, concentrations of NaCl in bore water range from 0.01 to more than 3.0 g/L, depending on the site and depth of the bore. The biochemical and physiological basis for this adverse response in eggshell quality has been reported by , , Roberts and Balnave (1992) , Pourreza et al. (1994) and Brackpool et al. (1996) . This adverse response relates to a reduced activity of carbonic anhydrase in the shell gland mucosa due to excess Cl intake that limits the supply of bicarbonate ions to the lumen of the shell gland, which in turn, limits the uptake of Ca to the shell 1 To whom correspondence should be addressed: derickb@camden. usyd.edu.au.
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L. The pullets received a continuous daily photoperiod of 16 h from fluorescent lighting, and production measures were made between 20 and 60 wk of age.
Production and eggshell quality were significantly reduced at 30 C compared with 18 C but were not significantly affected by the dietary and water treatments. The results indicated that the IsaBrown hens were relatively insensitive to intakes of NaCl from the drinking water at concentrations of 2 g/L. This lack of sensitivity in eggshell quality contrasts with the majority of published reports, including earlier work with local Australian layer strains. It is suggested that this contrasting sensitivity may relate to the concentration of dietary NaCl used during the selection of layer genotypes. gland and results in elevated plasma-ionized Ca and urinary Ca. Adverse effects of saline drinking water on eggshell quality were also reported by Yoselewitz (1992) and Yoselewitz et al. (1993) in Israel (NaCl concentrations not given), Pourreza et al. (1994 Pourreza et al. ( , 2000 in Iran (0.5 to 2.0 g NaCl/L), and Khalafalla and Bessei (1997) in Germany (0.2 to 2.0 g NaCl/L). However, studies in the USA by Maurice (1989) (0.6 to 1.2 g NaCl/L) and by Damron (1998) (0.2 to 0.8 g NaCl/L) failed to observe any adverse effects of saline drinking water on eggshell quality. Yoselewitz et al. (1993) reported a significant reduction in rate of lay from hens receiving saline drinking water, but Khalafalla and Bessei (1997) and Damron (1998) reported no effect on feed and water intake, egg production, or egg weight, similarly to the majority of the Australian studies. Pourreza et al. (1994 Pourreza et al. ( , 2000 have also reported that reductions in eggshell quality are not related to differences in feed intake and egg production. Maurice (1989) and Damron (1998) both suggested that strain differences could explain the differences in the eggshell quality responses between their studies and those conducted in Australia. Yoselewitz and Balnave (1990) , using 2 g NaCl/ L, found differences in the sensitivity of different Australian layer strains to saline drinking water, although ad-verse effects on eggshell quality were observed with all six strains examined.
Two preventive treatments were identified in the Australian studies (Balnave, 1993) . These treatments were the use of ascorbic acid (AA) supplements in the diet or drinking water and Zn methionine (ZM) supplements in the diet. Although the mechanism of AA is unknown, the Zn component of ZM appears to be the important factor with this treatment, perhaps through its effect on carbonic anhydrase, a Zn-requiring enzyme. Although Khalafalla and Bessei (1997) confirmed the adverse eggshell quality responses to saline drinking water, they were unable to show any significantly beneficial effect of AA. They related this difference in response to differences in the ambient temperature between their study (18 to 22 C) and the higher temperatures in the Australian studies (30, 20 to 35, and 18 to 30 C).
During the past decade, egg producers in Australia have discarded established layer strains in favor of new colored overseas genotypes. This choice might have influenced the sensitivity of current commercial layer flocks to saline drinking water. The present study was carried out to evaluate the sensitivity of one of these new layer genotypes to saline drinking water and to evaluate the benefits, if any, of AA and ZM supplements. Birds were kept at a constant 18 C or a constant 30 C to determine if ambient temperature influenced eggshell quality responses to saline drinking water or the preventive treatments.
MATERIALS AND METHODS
Three hundred eighty-four beak-trimmed Hubbard ISA IsaBrown pullets were purchased from a commercial supplier 2 at 16 wk of age and were placed in double bird cages in four temperature-controlled rooms. Two rooms were kept at a constant 18 C, and two were at a constant 30 C. Each room contained 48 cages. Three adjacent cages composed a replicate, and in each room four replicates were randomly allocated to each of four treatments. The treatments consisted of 1) basal diet C (Table 1) with local drinking water, 2) diet C with local drinking water containing 2 g NaCl/L, 3) diet C containing 200 mg AA/ kg with local drinking water containing 2 g NaCl/L, and 4) diet C with 360 mg Zinpro 100 3 /kg (ZM providing 36 mg Zn and 72 mg methionine/kg) and local drinking water containing 2 g NaCl/L. The local drinking water contained <1 mmol Cl/L. The birds received continuous fluorescent lighting for 16 h daily.
Production measures were made between 20 and 60 wk of age. Number of eggs was recorded daily and summated each week. Feed intake per bird was determined every 4 wk, and all eggs laid on 1 d every 4 wk were Abbreviation Key: AA = ascorbic acid; NaCl = sodium chloride; ZM = zinc methionine. weighed. The mean egg production, feed intake, and egg weight were calculated from the arithmetic mean of the respective measurement periods. All eggs laid on two consecutive days at 40 and 60 wk of age were used for shell quality measurements. Eggshell breaking strength was measured using a cantilever system by applying increased pressure to the broad pole of the shell (Balnave and Muheereza, 1997) . Shell thickness was measured with an Ames thickness micrometer gauge on three pieces of shell from the equator of each egg, and shell weight was determined after drying at room temperature for 3 d.
Each replicate was treated as an experimental unit for statistical purposes. The data were analyzed as a 2 × 4 factorial ANOVA with temperature and the dietary and drinking water treatments as main effects (Steel and Torrie, 1982) . The data for rooms were pooled except for egg weight, in which the treatment by room interaction was significant.
RESULTS AND DISCUSSION
The results of this study failed to show significant adverse effects of saline drinking water on production (Table 2). In fact, over the 40 wk of the study the production responses of the hens on the four dietary and drinking water treatments were remarkably similar at each of the two ambient temperatures. Significant (P < 0.001) reductions in production were observed at 30 C compared with 18 C, but these reductions were consistent across all four treatments. The lack of any differences in production between hens receiving local water or saline water is in agreement with the majority of previous Australian studies (Balnave, 1993) and those reported by Pourreza et al. (1994 Pourreza et al. ( , 2000 , Khalafalla and Bessei (1997) , and Damron (1998) .
Eggshell quality was significantly (P < 0.001) reduced at 30 C compared with 18 C but was not significantly influenced by the dietary and drinking water treatments (Table 3) . Nevertheless, with all shell quality measures at both temperatures, minimum values were obtained consistently with hens receiving the saline drinking water. The maximum reduction due to saline drinking water was 5%, which was observed with shell breaking strength at 30 C at 40 wk of age. Even with such small reductions all measures of eggshell quality were numerically improved by the AA and ZM supplements at 18 and 30 C.
It would appear that the genotype used in these studies was relatively insensitive to intakes of NaCl from the drinking water at concentrations of 2 g/L. The lack of sensitivity contrasts with the majority of reports relating to eggshell quality (Yoselewitz, 1992; Balnave, 1993; Yoselewitz et al., 1993; Pourreza et al., 1994 Pourreza et al., , 2000 Khalafalla and Bessei, 1997) , but confirms similar reports by Maurice (1989) and Damron (1998) , which raises the question as to the cause of this variation.
The IsaBrown hen has a higher rate of lay and produces larger eggs than the older Australian layer strains. The Australian studies that originally identified the adverse effect of saline drinking water on eggshell quality used White Leghorn × New Hampshire and White Leghorn × Australorp genotypes, whereas Maurice (1989) and Damron (1998) used White Leghorns in their studies. However, Pourreza (1994 Pourreza ( , 2000 also used White Leghorns and 1.3 0.9 0.5 0.03 1 C = control; hens were fed basal diet and local water. 2 S = saline water; hens were fed basal diet and local water containing 2 g NaCl/L. 3 AA = ascorbic acid; hens were fed basal diet supplemented with 200 mg ascorbic acid/kg diet and local water containing 2 g NaCl/L. 4 ZM = zinc methionine; hens were fed basal diet supplemented with 360 mg Zinpro 100 (Zinpro Corporation, Eden Prairie, MN 55344)/kg diet and local water containing 2 g NaCl/L. ***Temperatures were significantly different at P < 0.001.
observed an adverse effect of saline drinking water on eggshell quality. Therefore, a factor other than genotype may be involved. Although a disease factor cannot be excluded, it is unlikely that the same vector was present at a subclinical level in all studies showing adverse effects on eggshell quality in a number of widely dispersed countries, in Europe, the Middle East, and Australia. Also, it is apparent from the present study that ambient temperature is not a relevant factor. One possible explanation for the different responses noted in Australia and the USA may relate to the fact that in Australia birds are generally selected and maintained on diets meeting minimum requirements for Na and Cl and, therefore, contain much lower concentrations of NaCl than diets formulated for birds in the USA. Supplementation levels of 0.17% NaCl are typical of layer diets containing meat and bone meal in Australia, whereas supplementation levels up to 0.30% NaCl, with relatively high concentrations of Cl, are common in the USA. Thus, the older, locally established strains of laying hens in Australia are likely to be more sensitive to the intake of NaCl from an external source, such as saline water, than hens in the USA that are selected on, and are accustomed to, much higher intakes of NaCl.
The Australian studies showed that variable bird sensitivities to saline drinking water exist within individual flocks, because at particular concentrations of NaCl, the ability of some birds to produce normal eggshells was affected by saline drinking water, whereas others continued to lay normal eggs with good shell quality. Also, 2 S = saline water; hens were fed basal diet and local water containing 2 g NaCl/L. 3 AA = ascorbic acid; hens were fed a basal diet supplemented with 200 mg ascorbic acid/kg diet and local water containing 2 g NaCl/L. 4 ZM = zinc methionine; hens were fed basal diet supplemented with 360 mg Zinpro 100 (Zinpro Corporation, Eden Prairie, MN 55344)/kg diet and local water containing 2 g NaCl/L. ***Temperatures were significantly different at P < 0.001. the number of birds showing sensitivity increased with increasing concentrations of NaCl in the drinking water (Balnave, 1993) .
